STREPTOCOCCI OCCURRING IN SOUR MILK by Jones, F. S.
STREPTOCOCCI  OCCURRING  IN  SOUR  MILK. 
BY F. S. JONES, V.M.D. 
(From the Department of Animal Pathology of The Rockefeller Institute for Medical 
Research, Princeton, N. J.) 
(Received  for publication,  June  24,  1920.) 
Considerable confusion seems to exist regarding the specific cultural characters 
of the group of organisms which sour milk.  Many have noted  the  presence  of 
enormous numbers of streptococcic forms in sour milk.  The morphology of such 
bacteria  has been  studied  in  detail  by  Grotenfeld,  1 Gfinther and Thierfelder, g 
Kruse,  s and others.  Kruse has given the name of Streptococcus lacgicus to the or- 
ganism most frequently found and called attention to its resemblance to the pnen- 
mococcus.  Many, however, disagree with Kruse and place it in the genus Bac- 
terium;  such names as Bacterium  lacticus, Bacterium  gilntheri, and Bacillus  lact~s 
ac/dl are frequently met with. 
In addition to the confusion in nomenclature, one frequently finds reference to 
the occurrence of Streptococcus lacticus in the udder, feces, and saliva, or on the 
skin of cows.  Furthermore, many believe that the milk-souring type is indistin- 
guishable in most respects from the pyogenic type. 
Rfiediger  4 studied streptococci isolated from milk freshly drawn into milk pails 
and sterile bottles.  Of 32 strains grown in blood agar plates, 8 produced consid- 
erable hemolysis about the colonies,  14 were faintly hemolytic, 9 produced green 
zones, and I was non-hemolytic.  All the organisms were cocci arranged in chains; 
rod-like elements were not observed.  Ruediger considered that the eight hemolyz- 
ing strains were Streptococcus pyogenes and the other faintly hemolyzing and green- 
producing organisms belonged to the Streptococcus lacticus group.  Further evidence 
to warrant this assumption is not submitted. 
Heinemann  5 states  that  the  group comprises  two  species,--a  bacterium, 'B. 
aerogenes var. ladicus and Streptococcus lacticus.  It is stated  that Streptococcus 
lacticus agrees in morphological and cultural characters with  the  human  patho- 
genic, sewage and fecal streptococci.  He believes that the milk-souring strepto- 
cocci can be detected on the external surfaces and in the feces of cows as well as 
1 Grotenfeld, G., Fortschr. Med., 1889, vii, 121. 
2 Gfinther, C., and Thierfelder, H., Arch. Hyg., 1895, xxv, 164. 
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4 Ruediger, G. F., Am. Y. Pub. Health,  1912, ii,  107. 
6 Heinemann, P. G., J. Infect.  Dis., 1906, iii,  173. 
13 14  STREPTOCOCCI  IN  SOUR  MILK 
in the milk during all stages of handling.  In a later paper Heinemanne'published 
the results of some experiments with two strains of streptococci, one isolated from 
certified milk, the other from ice-cream.  By the passage of these cultures through 
a series of rabbits and guinea pigs their virulence was increased.  In addition, the 
organisms grew feebly.  They produced much less acid in dextrose and lost the 
power to ferment ~ccharose, mannitol, and salicin. 
Conn, Esten, and Stocking  ~ described Streptococcus lacticus as a short chained, 
Gram-positive coccus, which grew on agar as an exceedingly delicate film.  Gela- 
tin colonies were characteristic but the medium was not liquefied. Dextrose, lac- 
tose, and saccharose were fermented without gas  formation.  Milk was coagu- 
lated.  They found these organisms in great numbers in sour milk and state that 
they frequently made up 99 per cent of the flora. 
Shippen  8 in studying the microorganisms of milk in Baltimore referred to Strep- 
tococcus lacticus as Bacterium gi2ntheri.  It was the most common type observed 
by him in sour milk but its presence was also noted  in  fresh (unsoured)  milk. 
Like Kruse, he stated that the forms varied from short slender rods to distinct 
coccus-like forms.  Many strains closely resembled streptococci when grown in 
liquid media, but search always revealed some rod-like forms.  In these cultures 
the elongated elements predominated but cocci could also  be  found.  He  con- 
siders that the sour milk organisms differ from Streptococcus pyogenes in several 
respects; namely, in form, in their inability to hemolyze, their ability to grow at 
lower temperatures, their lack of pathogenicity for laboratory animals, and their 
high thermal death-point (65-70°C.). 
McGuire  9 considers that Streptococcus lacticus is a  normal inhabitant of cow 
feces.  Apparently the  species was  identified largely by  morphology and  the 
points noted by Shippen. 
Weigmann  1° divides the milk streptococci into two groups: the Streptococcus 
mastitidis  GuiUebeau group  characterized by  the  coagulation of milk  and  the 
formation of gas from carbohydrates; and the lactic acid group, Streptococcus lac- 
t/cus, or Streptococcus giintkeri.  The latter class fails to produce gas.  It is sur- 
prising to note the frequency with which the mastiffs streptococci are referred to 
as gas-producing organisms throughout the literature. 
• Sherman and  Albus  n  have  shown  that  udder streptococci differ from  those 
found in sour milk.  They isolated and studied 50 strains from sour milk and as 
6 Heinemann, P. G., Y. Infect. Dis., 1915, xvi, 221. 
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many from milk drawn directly from the udder into sterile bottles.  The two 
classes of organisms were studied in groups.  It was found that the individual de- 
ments of the sour milk type were elongated and grouped most frequently in pairs, 
but chain formation was common.  The udder streptococci were spherical and 
grew as chains.  The action of the two groups in the various media was noted. 
Thus 40 per cent of the lactic acid cocci fermented mannitol and a like proportion 
salicin.  Of the udder type 76 per cent fermented saccharo~e  and  16 per cent 
produced acid in salicin; all failed to ferment mannitol.  They found that the milk- 
souring organisms were able to multiply at a temperature as low as 10°C.  The 
udder streptococci grew better at 38°C. but 82 per cent were able to grow at 43°C. 
Considerable stress is laid on the reducing properties of the lactic acid organisms. 
The lactic acid types were able to grow in milk containing methylene blue and 
other dyes and were able to reduce the substances.  The udder streptococci failed 
to grow in the methylene blue medium.  In milk containing litmus members of 
both groups reduced the substance, but the lactic acid streptococci reduced litmus 
before coagulation, the others after the medium had coagulated. 
It will be noted  from the  foregoing brief r~sum6  that  the  speciti( 
identity of the so called Streptococcus lacticus is more or less obscure. 
The work of Sherman and Albus did much to show that differences 
existed between the lactic acid and udder groups. 
It was considered advisable to study the species or groups of species 
with  the  idea  that  there  exists  a  clear-cut  differentiation  from  the 
udder or mastiffs streptococci.  With this in view, milk from various 
sources was permitted  to sour at room temperature and in the incu- 
bator.  Plate  cultures  were  made  from  the  milk  at  various  times. 
The  isolated  organisms  were  studied  in  the  same  type  of  medium 
employed in the study of mastiffs and equine streptococci. 
EXPERTM~.NTAL. 
The  following  experiment  may  be  regarded  as  a  type.  Bottled 
market milk was purchased  and  after mixing distributed into  sterile 
wide mouth bottles.  These were permitted to stand at room temper- 
ature.  The  milk  was  examined  at  various  intervals;  usually  an 
unopened bottle was chosen each time.  A  sample of the  fresh milk 
was plated  at once; subcultures  were made from colonies resembling 
streptococci.  In Table  I  the  protocols  of five samples  of milk  are 
given. 16  STREPTOCOCCI  IN  SOUR  MILK 
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It will be noted from the table that Sample A  was milk of high 
quality.  It soured slowly, but between the 24th and 48th hours there 
appeared in the plates enormous numbers of non-hemolytic strepto- 
cocci.  These  organisms  practically  overwhelmed  all  others  and 
persisted  throughout  the  observation.  The  hemolytic  (mastiffs) 
streptococci which were in the unsoured sample persisted until the 
4th day.  The non-hemolytic udder type was still found after 3 days 
of souring.  Perhaps both types survived throughout, but could not 
be  detected  on  account  of  the  great  number of  other  organisms. 
Sample B  reveals about the same condition.  The coagulation was 
more rapid  and  due  to  the growth of enormous numbers of non- 
hemolytic streptococci.  The hemolytic streptococci observed in the 
fresh  sample persisted  for  the  7  days  allotted  to the observation. 
They were unable to multiply with the same facility as the others. 
In  Samples  C,  D,  and  E  the  non-hemolytic organisms  also  pre- 
dominated. 
It soon became apparent that souring could not be attributed to 
the common type of streptococci met with in udder and bottled milk. 
The udder types were  able  to persist through at  least part of the 
souring period but not in sufficient numbers to be the cause of the 
phenomenon. 
The detailed fermentative characters of the various strains noted 
in the protocols are given in Table II.  It must be recognized that 
these cultures are merely types.  Others have been studied but fail 
to show further differences from those recorded. 
The figures given in Tables II and III represent the  total  acidity 
reached in  the  various  tubes.  All  the  fermented bouillon was  of 
the  same  lot.  Duplicate  series  were  inoculated  and  incubated at 
38°C.  and  at  room  temperature.  The  recorded  figures  represent 
the maximum acid production at the temperature best adapted for 
growth.  Thus, Cultures 1, 3, 4 A, 7,  13,  18 A, and 20 grew better 
and produced more acid at 38°C., therefore the acid produced by tl~em 
at this temperature has been recorded.  On the other hand, all the 
other organisms adapted themselves better  to  temperatures of 20- 
22°C., so that the acid production has been given after incubation at 
this temperature. ~'.  s.  joints 
TABLE  II, 
Fermentative  Characters of Streptococci Noted in Table I. 
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I  Production  of acid  in. 
Cult~e 
No.  Dextr~e.  Lactose.  Sacch~-rose. M~tose.  Ra~n~e.  In~.  Mannit)l.  SaHdn.  Hmolysis 
per ~nt  per cen~  I ~r ce~ 4  p~r ~n~  per ~nt  per ~nt  per Ce~  percent 
1  5.6  4.7  4.7  5.2  1.0  1.0  1.0  1.0  + 
3  3.8  3.3  2.6  3.6  1.1  1.0  1.1  1.0  + 
4A  S.1  4.1  5.6  4.8  1.1  1.0  1.1  3.6  -- 
7  S.O  4.2  4.7  4.6  1.0  1~0  1.0  1.0  + 
13  5.6  4.9  4.6  5.2  1.1  1.1  1.1  1.1  + 
18A  4.9  4.4  4.5  4.4  1.1  1.1  1.I  2.3  -- 
20  4.6  4.4  4.7  3.6  1.0  1.1  1.1  1.0  + 
18  6.9  6.0  1.1  6.9  1.1  1.0  4.6  4.4  -- 
21  6:7  3.8  1,1  5.8  1.0  1.0  S,8  S.8  -- 
25A  6.7  5.4  1.1  6.1  1.f  1.1  4.8  4.6  -- 
26  6.6  5.8  1.1  5.2  1.1  1.0  4.2  4,0  - 
26A  6.8  5.4  1.1  6.6  1.1  1.1  5.9  4.5  -- 
30  6.9  5.9  1.1  6.5  1.1  1.1  4.8  S.0  -- 
3i  6.7  5.7  1.1  5.9  1.1  1'1  3.5  3.8  -- 
32A  6.6  5.8  1.1  6.1  1.0  1.1  6.5  6.5  -- 
33  6.7  6.1  1.1  S.6  1.1  1.1  4.1  5.0  - 
35  6.8  6.2  1.1  5.8  1.1  1.0  3.6  5.3  -- 
43  6.5  6.1  1.1  6.0  1.1  1.1  4.4  S.O  -- 
6.8  6.1  1.1  5.9  1,1  1.1  4.9  5.0  -- 
15  6.5  6.1  6.4  5.4  1.0  1.1  4.8  4.8  -- 
16  7.1  5.7  5.3  4.7  1,1  1.1  3.9  4.6  -- 
23  6.8  6.2  6.4  5.6  1,0  1.1  4.3  5.8  -- 
29A  6.1  S.0  5.4  4.0  1.1  1.1  3.4  S.0  -- 
21A  6.5  4.8  6.1  .6.5  1,1  1.1  1.2  6.5  -- 
25  7.0  6.4  6.6  5.8  1.0  1.1  1.1  5.8  -- 
30A  6.0  4.4  4.9  5.2  1.0  1.1  1.1  5.4  -- 
27  6.6  5.0  1.1  5.1  1.0  1.1  1.0  5.4  + 
28  6.7  5.2  1.1  5.3  1.1  1.0  1.0  5.4  + 
34  7.0  5.2  1.1  5.2  1,0  1.0  1.0  6.0  + 
36  6.5  S.O  1.1  5.0  1,1  1.0  1.1  5.4  + 
It will be noted that Cultures 1, 7, 13, and 20 are hemolytic strepto- 
cocci which were found in both fresh and sour milk.  These strains 
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nated by their specific group serum.  Culture 3 is similar to the low 
acid-producing streptococci found in the udder and in market milk. 
This species has been discussed in detail in a previous communication.  ~2 
Cultures  4  A  and  18  A  are  characteristic non-hemolytic mastiffs 
streptococci  which  agglutinate  with  their  specific  antiserum.  All 
these cultures promptly coagulate milk at  38°C.  Litmus was not, 
as a rule, reduced even after coagulation.  Where reduction occurred 
it was usually confined to the bottom of the tube.  Since these well 
recognized udder and mastiffs streptococci were unable to multiply 
to any great degree in soured milk, it is assumed that such is not their 
function.  In other words, their true habitat is within the udder. 
In contradistinction to the preceding group,  a  second still larger 
series, comprising Strains 18, 21, 25 A, 26, 26 A, 30, 31, 32 A, 33, 35, 
43,  and 45,  made up  the bulk of the flora of clotted milk.  These 
organisms differed in morphology from the masfftis types.  In bouil- 
lon the elements were usually elongated and arranged in pairs and 
short  chains.  Spherical  forms  were  also  observed.  The  mastiffs 
cultures produced chains of cocci.  The second group of organisms 
attacked dextrose, lactose, maltose, mannitol, and salicin, but failed 
to ferment saccharose, raffinose,  and inulin.  They produced more 
acid  in  dextrose  than  did  the  mastitis  streptococci.  Litmus  was 
reduced before milk containing it was coagulated. 
The next four strains (Nos. 15, 16, 23, and 29 A) were isolated from 
two samples only.  They, too, differed from the mastitis streptococci 
morphologically.  They  produced  large  amounts  of  acid  in  media 
containing  dextrose,  lactose,  saccharose,  maltose,  mannitol,  and 
salicin.  Litmus was reduced. 
Cultures 21 A, 25, and 30 A also produced large amounts of acid. 
They attacked  the  same  substances  as  the  non-hemolytic mastitis 
streptococci but produced more acid.  Litmus was reduced by these 
cultures.  The characteristic rod-like and coccoid elements occurring 
in pairs and short chains are a further point in their differentiation. 
They grew best and produced a maximum acidity at room temperature. 
In  addition  they  were not  agglutinated  by  mastiffs  streptococcus 
serum. 
I~ Jones, F. S., ]. Exp. Med., 1920, xxxi, 347. F.  S.  JONES  21 
The  hemolytic  streptococci  (Nos.  27,  28,  34,  and  36)  which  per- 
sisted  throughout  the  souring  of  Sample B  differed  from  the  usual 
udder  streptococci  in  several  characters.  Morphologically  they 
TABLE  III. 
Comparative Acid Production by Streptococci in I Per Cent Fermented Broth at 
Incubator and Room Tempera~re. 
Incubator temperature.  Room temperature. 
Culture No. 
Hydrogen ion  Titration.  Hydrogen ion 
Titration.  concentration,  concentration. 
1 
4A 
? 
13 
18 A 
20 
18 
21 
25A 
25 
25 A 
30 
31 
32 A 
33 
35 
43 
45 
15 
15 
23 
29 A 
21 A 
25 
30A 
27 
28 
34 
35 
~er cent 
5.6 
5.3 
5.0 
5.8 
4.9 
5.6 
6.0 
5.8 
5.3 
5.0 
5.4 
5.9 
5.2 
5.1 
5.4 
5.6 
6.0 
5.7 
5.8 
7.0 
5.6 
4.4 
6.0 
5.9 
4.4 
7.0 
7.0 
7.1 
7.1 
pH 
4.8 
4.9 
4.7 
4.8 
4.7 
4.7 
4.7 
4.8 
4.7 
4.8 
4.7 
4.8 
4.8 
4.9 
5.0 
4.9 
4.6 
4.8 
4.8 
4.6 
4.9 
4.9 
4.7 
4.7 
4.8 
4.5 
4.7 
4.9 
4.7 
~$f cent 
5.0 
4.6 
5.1 
4.8 
4.4 
4.8 
6.9 
6.3 
6.7 
6.6 
6.8 
6.9 
6.7 
6.6 
6.7 
7.0 
6.5 
7.0 
6.9 
7.1 
6.8 
6.1 
6.5 
7.0 
6.0 
6.9 
6.7 
6.9 
7.0 
pH 
4.9 
4.9 
4.9 
4.8 
4.9 
4.9 
4.6 
4.4 
4.5 
4.6 
4.6 
4.6 
4.6 
4.6 
4.5 
4.5 
4.5 
4.4 
4.6 
4.5 
4.5 
4.5 
4.5 
4.5 
4.6 
4.5 
4.5 
4.5 
4.4 
resembled  the  sour  milk  types~  They  did  not  reduce  litmus  com- 
pletely and failed to ferment saccharose.  They grew as well at 38°C. 
as at room temperature. 22  STREPTOCOCCI IN SOUR MILK 
It has been asserted that the sour milk organisms grew better and 
produced more acid  at  room temperature.  Experimental evidence 
that this is the case is offered in Table In.  Duplicate inoculations 
into fermented bouillon of the same lot containing 1 per cent dextrose 
were made; one set was incubated at 38°C., the other at room tempera- 
ture.  Titrations and hydrogen ion concentration readings were made 
after  7  days.  All  cultures  grew well  at  both  temperatures.  The 
results are given in Table III. 
The figures indicate that cultures of the mastiffs type (Nos. 1, 4 A, 
7, 13, 18 A, and 20) produced more acid when grown in the incubator. 
The reverse is  true for the others except for  the hemolytic strains 
(Nos.  27, 28,  34,  and 36).  That the true milk-souring streptococci 
grow better at ordinary  temperatures (20-22°C.)  certainly points to 
other sources of origin than the saliva, feces, or udder of cows.  Cul- 
tures 27, 28, 34, and 36 differed from both groups in many characters. 
They may be saprophytic forms which have gained entrance into the 
udder and are still adapting themselves to a new environment. 
The pathogenic properties of the sour milk streptococci have been 
studied  by  so  many  that  further  experimental  evidence  seemed 
unnecessary.  Many have  reported the entire lack  of pathogenesis 
of the members of this group for laboratory animals.  Unfortunately 
such  findings  cannot  be  regarded  as  a  method  of  differentiation 
between mastiffs and sour milk streptococci, since the mastiffs strep- 
tococci are also lacking in virulence for species other than bovines. 
DISCUSSION. 
From the preceding observations it seems clearly established that 
the lactic acid group consists of at least three species of organisms. 
Each  species  possesses  characters  which  differentiate  it  from  the 
streptococci which  are  associated with  mastiffs  and  the  low  acid- 
producing udder forms. 
Sufficient data to warrant the assertion that Streptococcus lacticus 
is  an udder inhabitant have not been brought forth.  Sherman and 
Albus  first  showed  conclusively  that  there  existed  distinct  group 
differences  between  the  udder  and  the  milk-souring  streptococci. 
Aside from the specific cultural differences here reported a  number 
of other points throw light on the question.  The milk-souring types • .  s.  joints  23 
have not been met with in milk drawn directly from the udder.  Such 
organisms have  not been  found in  the  fresh  bottled milk from  a 
dairy where a great many examinations of udder milk have been made. 
Mastiffs and udder streptococci are usually present in this bottled 
milk.  The milk-souring group grows best and  produces more acid 
at a temperature of 20-22°C.  The udder streptococci prefer a higher 
temperature (38°C.). 
Rogers and Dahiberg  TM  found in milk in a  few instances non-sac- 
charose-fermenting streptococci which attack mannitol.  They also 
studied  over  50  strains  of  udder  origin.  Among  these  but  one 
attacked mannltol without acidulating media containing saccharose. 
This organism liquefied gelatin. 
Many  have  pointed  to  several  possible  sources  of  origin.  The 
saliva,  feces,  and  skin  of cows have  been  mentioned particularly. 
The  specific  identifications  were  usually  made  on  morphological 
findings.  Many of the streptococci from the saliva, skin, and feces 
do resemble the lactic acid organisms in form, but they differ in other 
essentials.  The writer has isolated 35  strains  of  streptococci from 
the  saliva  of  cows.  Although mannitol fermentation occurred  in 
one-thlrd  of  the  cultures,  every  strain  fermented  saccharose.  In 
addition the amount of titratable  acid produced in dextrose rarely 
exceeded 4 per cent.  The bovine fecal streptococci were character- 
ized by their ability to produce large amounts of acid in dextrose, 
lactose, saccharose, maltose, raffinose, inulin, and salicin.  Mannitol 
was  not fermented.  Streptococci :from  the skin produced acid  in 
fermented broth  containing raffinose,  saccharose,  and  mannitol in 
addition to dextrose, lactose, maltose, and salicin.  One feels justified 
in  asserting  that  if  Streptococcus  lactlcus  inhabits  these  regions  it 
exists in such small numbers that it cannot be detected.  The souring 
of milk cannot, therefore, be attributed to the usual types found in 
the saliva, feces, or vagina or on the skin of cows. 
Sufficient evidence exists to rule out the udder or mastiffs group 
as the usual cause of souring under natural conditions.  These organ- 
isms are readily detected in bottled milk, but cannot be  found in 
plate cultures prepared from milk soured for 3  or 4  days.  When 
t3 Rogers, L. A., and Dahlberg, A. 0., J. Agric. Research, 1913-14, i, 491. 24  STREPTOCOCCI IN SOUR  MILK 
equal amounts of cultures of lactic acid and udder streptococci were 
added to tubes of sterile milk, the udder streptococci multiplied for 
24 hours.  Plates prepared from such milk after 48 hours at room or 
incubator  temperature  reveal  only  the  lactic  acid  type.  Under 
natural conditions probably other bacteria so alter the environment 
that the udder group is able to survive but not to multiply to any 
considerable degree. 
I  am inclined to agree with Kruse and others that the lactic acid 
organisms  resemble more  closely  the  genus Streptococcus  than  the 
genus Bacterium.  Their growth on solid media and their fermentation 
characters resemble those usually associated with streptococci.  The 
name Streptococcus lacticus I is suggested for the largest group (Table 
II), characterized by the fermentation of dextrose, laCtose,  maltose, 
salicin, and mannitol and their inability to attack saccharose, raffmose, 
and inulin.  Streptococcus lacticus II may be considered as differing 
from the former group in its ability to ferment saccharose in addition 
to dextrose, lactose, maltose, mannitol, and salicin. 
SUMMARY. 
A  well defined group of rod-like and coccoid organisms arranged 
in pairs and chains has been encountered in sour milk.  The group 
comprises at least three species; the largest number ferment dextrose, 
lactose, maltose, mannitol, and salicin, and fail  to ferment saccha- 
rose, raffinose, and inulin.  A smaller number ferment saccharose in 
addition to dextrose, lactose, maltose, mannitol, and salicin.  A few 
fail to attack mannitol.  All three types grow luxuriantly at room 
temperature, coagulate milk, reduce litmus, and produce large amounts 
of acid in fermented bouillon containing dextrose. 
Specific morphological and  cultural differences exist between the 
lactic acid streptococci and those associated with masfitis and those 
occurring in the udder.  The lactic acid organisms outgrow the udder 
streptococci  in  the  milk-souring  process.  When  both  types  are 
implanted in sterile milk the udder type soon disappears. 